Abstract: This investigation compared gingival crevicular fluid (GCF) interleukin-1β (IL-1β) concentrations in periodontitis patients subjected to a strict supragingival biofilm control (Supra) for 6 months. Never-smokers (23) and smokers (n = 20; 19.6 ± 11.8 cigarettes/day) moderate-to-severe chronic periodontitis patients underwent a 6 months period of supragingival control with weekly recall visits. Periodontal probing depth (PPD), bleeding on probing (BOP) and GCF samples (from different PPD category sites: 3-5 mm and 6-10 mm) were obtained at the baseline, 30, and 180 days. IL-1β was assessed by enzyme-linked immunosorbent assay. Generalized estimating equations were used to fit prediction models of IL-1β changes, considering the dependence between the examinations, and using only data from experimental sites. Overall IL-1β concentrations decreased from 3.2 pg/µL to 1.9 pg/µL. Higher baseline IL-1β concentrations were associated with higher baseline PPD values in both groups. There were no differences in IL-1β concentrations between never-smokers and smokers over time for any PPD category. Higher baseline PPD values and the presence of BOP on day 180 were significantly associated with higher IL-1β concentrations. A strict Supra regimen reduced IL-1β concentrations over time in periodontitis patients. The benefits observed for smokers underline the importance of oral hygiene measures, even considering the presence of this important risk factor.
Introduction
Interleukin 1β (IL-1β) in gingival crevicular fluid (GCF) is an important subgingival biomarker of inflammatory status. Studies have shown an increase in its levels associated with periodontal disease severity and a decrease after periodontal therapy. 1, 2 There is evidence of IL-1β influence in the modulation of bone resorption; stimulation of the production of osteoclasts, proteases, prostaglandin-E2, and metalloproteinases; and synthesis of collagenase. 3 This cytokine is associated with pro-inflammatory behavior, meaning that IL-1β helps to trigger and promote periodontal tissue damage in response to bacterial challenge. 4 Contributing to periodontal destruction, tobacco consumption, a well-known risk factor in periodontitis, 5 impairs the immune system, 6 Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
inhibiting neutrophil and macrophage action and affecting defense against bacteria. 6 Smoking also reduces the proliferative capacity of T and B cells and the production of antibodies, 7 in turn inhibiting host response to periodontal therapy. 8, 9 Supragingival biofilm control (Supra) can reduce clinical and microbiological subgingival indicators in patients with moderate-to-severe chronic periodontitis, whether smokers or never-smokers. 10, 11 Parallel to these effects, a reduction in GCF volume was observed. 12 However, whether the concentration of the inflammatory biomarkers is also influenced by the Supra regimen and to what extent this concentration is altered by tobacco exposure are unknown. To our knowledge, no comparisons have accounted for patient exposure to tobacco during a supragingival biofilm control regimen. The available literature focuses on subgingival scaling and root planing (SRP), delivered by different protocols and with conflicting results. 13, 14, 15 However, current trends emphasize the importance of Supra control and the need to improve investigation in this field. 10, 11, 12, 16 The aim of this secondary analysis was to investigate the effect of a 6-month supragingival control regimen on the subgingival concentration of IL-1β in smoker and never-smoker periodontitis patients. The hypothesis was that supragingival biofilm control reduces the concentration of IL-1β, irrespective of tobacco exposure.
Methodology Study design, sample, and ethical considerations
The present study is a secondary analysis of a single-arm clinical study. 10 Details of sample calculation, inclusion and exclusion criteria, patient compliance, and clinical findings have been previously described. 10, 12 Briefly, requiring a power of 80% to detect a difference of 0.80 ± 1.0 mm in periodontal probing depth (PPD), a sample size of 25 participants for each group (smokers and never-smokers) was calculated. Subjects were eligible if they had no systemic conditions that could affect the periodontium, no previous periodontal treatment, no use of anti-inflammatory drugs during the previous 3 months or antibiotics during the previous 6 months, and no chemical biofilm control prescriptions. Participants were included if they presented the following criteria: presence of at least 12 teeth, excluding third molars; clinical diagnosis of biofilm-induced gingivitis and moderate-to-severe generalized chronic periodontitis; at least four teeth with PPD ≤ 5 mm and four teeth with PPD ≥ 6 mm, with supragingival biofilm, marginal bleeding, clinical attachment loss (CAL) and bleeding on probing (BOP).
Before the commencement of the original study, participants read and signed an informed-consent form. The study was in accordance with the Declaration of Helsinki and approved by the Research Ethics Committee of the Universidade Estadual Paulista -UNESP, Araraquara, Brazil (#32/03). Subject protection was based on the clinical attachment level. During the study, subjects showing progression to CAL ≥ 2 mm were to be excluded. Fifty participants were included in the clinical study and six did not complete the study. 10 No exclusions were due to CAL progression.
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For laboratory analysis, GCF samples from 43 participants were available: 23 never-smokers (47.3 ± 6.7 years, 41.7% males, 21.16 ± 3.7 teeth) and 20 smokers (45.8 ± 5.1 years, 55% males, 20.85 ± 3.7 teeth, 19.6 ± 11.8 cigarettes/day, 24.1 ± 8.7 years of smoking).
Clinical examinations and GCF sampling
Clinical examinations and GCF sampling were performed as previously described. 10, 12 GCF levels at 3 different time points (days 0, 30, and 180) were analyzed.
A single examiner performed clinical examinations using a manual periodontal probe. Weighted (±1 mm) kappa values for PPD were 0.98 and 0.95 before and during the study, respectively. Full-mouth periodontal examination (six sites per tooth: mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual, and disto-lingual) was performed. PPD, in millimeters, and BOP, as a percentage of positive sites, were the clinical indicators used.
GCF samples were collected using Periopaper and assessed with a calibrated Periotron ® (OraFlow, PlainView, New York, USA). GCF samples were harvested from four different sites drawn from 3-5 mm PPD sites and four from sites with 6-10 mm PPD per patient. Paperpoints were separately stored in sterilized tubes at a temperature of -20°C until laboratory procedures were performed.
Experimental intervention
After baseline exams, patients were enrolled in a strict Supra regimen: calculus removal, extraction of nonrestorable teeth, endodontic treatment and temporary restoration, and oral hygiene instructions (OHI). The re-evaluation and reinforcement of OHI were performed on a weekly basis over 180 days based on visible plaque and gingival bleeding indices. Multi-tufted brushes, interdental devices, and fluoride toothpaste were provided as needed throughout the study. 10 At the end of the study, patients received subgingival scaling and root planing.
Laboratory procedures
One calibrated examiner blinded to sample origin performed the laboratory procedures. Total amounts of IL-1β were assessed for each patient and each site on days 0, 30, and 180 using the enzyme-linked immunosorbent assay (ELISA). The sandwich ELISA technique was used with interleukin-1β EIA Kit (Cayman Chemical, Ann Arbor, USA).
Plates were prepared according to manufacturer instructions. A total of 1,032 samples were tested (in duplicate) in the three experimental periods. Assay sensitivity was 1.5 pg/mL. Samples showing IL-1β concentrations below 1.5 pg/mL (n = 107) were considered as presenting the minimum concentration. Analyses were performed at the Cellular and Molecular Biology Laboratory at UNESP/Araraquara. The IL-1β concentration for each site was calculated by division of the total amount of IL-1β by the total volume of GCF.
Statistical analysis
The present analysis included data from sites where GCF was collected. The individual was considered the unit of analysis.
A robust variance estimator (Huber/White/sandwich estimator of variance) was used to estimate standard errors (SE) adjusted for the correlation of data because of multiple sites within each subject. Comparisons of point estimates between never-smokers and smokers were performed using Wald tests. p-values were adjusted for multiple comparisons, and means ± SE were calculated.
Because IL-1β concentration showed a non-normal distribution, a base 10-logarithm transformation was used to model IL-1β against multiple independent variables. Multivariate analysis using generalized estimating equations (GEE) with exchangeable correlation structure was then applied to evaluate the longitudinal effects of time, smoking status, PPD at the baseline, and BOP at 180 days on a log concentration of IL-1β. Main-effects and interaction models are presented.
Analyses were performed using the Stata software (STATA 10 for Macintosh, Stata Corporation, College Station, USA). The significance level was set at 5%. Table 1 shows baseline characteristics of the sample, considering only the sites subjected to GCF sampling. Overall (total sample) PPD value and IL-1β concentration were 5.0 ± 0.1 mm and 3.2 ± 0.3 pg/µL, respectively. No significant differences were observed between smokers and never-smokers. Figure 1 shows mean concentrations of IL-1β over time for never-smokers and smokers by experimental sites. Changes in IL-1β concentration followed a similar pattern in both groups, without significant intergroup differences: concentration significantly decreased from 3.2 to 1.9 pg/ul.
Results
Baseline concentrations of IL-1β were increased, with higher baseline PPD values in never-smokers and smokers (Figure 2) . In both groups, IL-1β concentrations significantly decreased in all PPD categories from the baseline to 180 days. In Table 1 . Baseline data of the present sample considering only the experimental sites (mean ± standard error). never-smokers, IL-1β slightly increased from the baseline to 30 days but leveled off at 180 days in sites with baseline PPD of 1-3 and ≥ 6 mm. In contrast, no significant differences were observed between never-smokers and smokers in any PPD category over the experimental period. Table 2 shows the multivariate GEE model of the effects of time, smoking status, and baseline PPD and BOP at the 180-day examination on the log concentrations of IL-1β. IL-1β concentration significantly decreased over the 180-day period. Smoking habit was not associated with changes in IL-1β. Higher baseline PPD and the presence of BOP at 180 days were associated with higher levels of IL-1β over time.
A significant interaction was observed between smoking status and BOP at 180 days (Figure 3) . The multivariate GEE model of the interaction between these two variables is shown in Table 3 . Time and baseline PPD remained significantly associated with log IL-1β. Higher concentrations of IL-1β were observed in sites that showed BOP at 180 days in both never-smokers (b = 0.39 ± 0.07) and smokers (b = 0.24 ± 0.09) as compared to sites with the absence of BOP in never-smokers. This finding indicates that the role of BOP is stronger than that of the smoking status with respect to the concentration of IL-1β. There were no significant differences between never-smokers and smokers.
Discussion
The present study reports an immunological finding observed in a sample of patients previously assessed for clinical and microbiological parameters. 10, 11, 12 This study extends the previous studies and contributes to the published literature with relevant data on the behavior of IL-1β following strict supragingival biofilm control in smoker and never-smoker periodontitis patients. Confirming the hypothesis, the Supra regimen led to a significant reduction in concentrations of IL-1β, irrespective of smoking habit. Furthermore, baseline PPD values and persistent BOP were significantly associated with changes in IL-1β concentrations.
The present study is a secondary analysis from a clinical study, 10 in which chronic periodontitis patients were maintained, over 6 months, solely with supragingival biofilm control. The high number of appointments delivered during the study deserves attention. The main clinical changes observed as early as the first 30 days of intervention 10 show that this long period of supragingival control is time-consuming and not necessary to achieving desirable results from oral hygiene measures.
Among the immune-inflammatory biomarkers used to assess periodontal disease activity, IL-1β has been increasingly investigated. Some studies have reported an association between IL-1β concentration and clinical and microbiological parameters, 17, 18 and it has accordingly been used as a marker of the response to various periodontal therapies. 19, 20 However, despite its relevance to the assessment of host response, studies published to date have only focused on the effects of subgingival interventions on IL-1β concentration. 13, 14, 15 To our knowledge, the present study is the first to specifically focus on IL-1β concentration in GCF after a Supra regimen and to show a clear reduction in this biomarker over 180 days. This study is also the first to assess the impact of smoking habit, a well-known risk factor for periodontal disease, 5, 21 on IL-1β concentration during a Supra regimen. The findings of the present study more specifically suggest that IL-1β acts also as an important marker of subgingival response for the Supra regimen. Thus, our results shed some light on the etiopathogenic mechanisms regulating the subgingival-supragingival relationship. 19 Still, the biomarker used here does not encompass all the subgingival responses that the periodontium may exhibit. On the basis of these results, it is reasonable to propose future studies in which more biomarkers could be included to produce a more complete scenario of the subgingival inflammatory/immunological response to this proposed model of Supra control in periodontitis patients.
Despite the adverse effects of smoking on periodontal tissues, in the present study both smokers and never-smokers showed significant reduction in IL-1β concentrations, with no intergroup differences. Nor were significant differences in supragingival status (visible plaque and marginal bleeding) observed between the groups over time. 10 These findings underscore the importance of Supra in the management of periodontal infection, even when important risk factors are present. Comparisons of our results with the published literature are difficult due to the lack of other studies assessing the influence of smoking on patients subjected to supragingival intervention. Furthermore, there is still no agreement on the relationship between smoking habit and IL-1β concentration. Some authors have reported a positive effect, 14, 15 whereas others have reported a negative effect 20, 22, 23 or no effect of smoking. 21, 24, 25 An interaction between smoking/BOP and IL-1β concentration was observed on day 180. This finding should be taken with care, as it suggests a role of the smoking habit. However, the finding that BOP-sites, in both smokers and never-smokers, showed significantly lower concentrations of IL-1β than BOP+ sites in the same smoking categories shows that the presence of BOP exerts a stronger influence than the smoking habit, meaning that tobacco alone does not interfere with the concentration of IL-1β. An association between increased IL-1β concentration and sites with persisting BOP was also observed. Subgingival bleeding is considered to act as a carrier, transporting inflammatory/immunological markers from connective tissue to the periodontal pocket. It is thus expected that as long as a site remains positive to BOP, no reductions will be observed in IL-1β concentration. The absence of reduction in inflammatory markers in the presence of BOP is in accordance with the literature.
26, 27 Such discussion has an important implication on clinical practice: namely that the presence of subgingival bleeding may be a more important and reliable indicator of periodontal disease activity after therapy than the historically more often used indicator, the PPD values.
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Sites with PPD ≥ 5 mm are considered to have a limited or even negative response to Supra or to nonsurgical therapies. 29 In the present study, the Supra control reduced IL-1β concentrations in shallow, moderate, and deep sites. Higher concentrations of IL-1β on day 180 were associated with higher baseline PPD values. This finding is expected, given that deeper pockets at baseline remain deeper at the end of the experimental period. This result is consistently observed in studies examining the response to various periodontal treatments. 10, 13, 18, 29 Cross-sectional and interventional studies have reported that higher PPD values, particularly BOP positive, showed significant higher IL-1β concentrations.
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Conclusions
A strict Supra regimen exerted a significant effect on the periodontal immune-inflammatory response, as revealed by reduction in the IL-1β concentrations on GCF over 180 days. Tobacco alone did not influence this response. The results also suggested that higher baseline PPD values and persistent BOP could predict changes in IL-1β concentration after a strict Supra regimen.
